Tribromoethanol is widely used as an anaesthetic agent for embryo-transfer surgery for the generation of transgenic mice. Potential side effects such as local irritation, fibrous adhesions in the abdominal cavity, and mortalities of unknown cause have been reported. Mice of three different strains (CD-I, OF-I, NMRI) received intraperitoneal injections of pentobarbiturate (60 mg/kg, 0.4 %), tribromoethanol (240 mg/kg, 1.2%), tribromoethanol (450 mg/kg, 2.5 %), ketamine/xylazine (120mg/kg, 1.2%/16mg/kg, 0.16%) or saline (NaCI, 0.9%). After 24h the animals were sacrificed and blinded histopathological examination of abdominal organs was performed by light microscopy. Tribromoethanol caused focal to diffuse necrosis primarily of subperitoneal muscle fibres of the abdominal wall, and, occasionally, necrotic changes on the surface of abdominal organs. These changes were associated with acute peritoneal inflammation and fibrinous serositis of the abdominal organs. The severity of the findings increased with the concentration of tribromoethanol. The use of ketamine/xylazine yielded a comparable success rate in embryo transfer without undesirable side effects. Further use of tribromoethanol is not recommended.
Tribromoethanol (formerly available under the trade name Avertin) has been proposed as an acceptable anaesthetic in dogs, cats, mice, rats, and gerbils (Green 1979 , Norris & Turner 1983 , Flecknell1987, Papaioannou & Fox 1993 , Gardner et al. 1995 . Simple route of administration ILp.), rapid induction and recovery, loss of reflex activity and good muscle relaxation, low mortality and a minimal influence on the rate of embryonic development were considered as advantages of its use in rodents (Green 1979 , Flecknell 1987 . Conversely local irritation, fibrous adhesions in the abdominal cavity, mortality following one or repeated application, poor solubility, shortterm storage, and decomposition to toxic components were reported as disadvantages (Green 1979 , Norris & Turner 1983 .
The use of tribromoethanol is mainly of historical interest except in the field of embryo transfer where it is widely used as a general anaesthetic for generation of transgenic mice (Hogan et al. 1986) .
The aim of our investigation was to reveal possible side effects of tribromoethanol in the abdominal cavity by the means of histopathological examination, We also compared tribromoethanol to ketaminejxylazine, with the emphasis on the incidence of adverse side effects and pregnancy rates after embryo transfer.
Materials and methods

Animals
Histopathology study Female mice (weight 30-40 g) of the strains COl, OF-1 and NMRI (Icolbm:OF1, Hanlbm:NMRI supplied by BRL, Biological Research Laboratories, CH-Fiillinsdorf; Crl:CD-l(ICR)BR supplied by Charles River, D-Sulzfeld) were kept in groups of five animals maximum in macro-Ion cages (810 cm 2 , lndulab, D-Munsterl under conventional conditions. Bedding material (sawdust, Schill AG, CH-Muttenz) was changed weekly. Food (Nr. 850, Nafag, CH-Gossaul and water were offered ad libitum. Controlled climate conditions provided a room temperature of 22-23°C and a relative humidity of 35-45% (12h light-dark cyclel. The acclimatization period of the animals was at least one week. Effect on embryo transfer Female mice (weight 30-40 g) used for embryo transfer were kept under the same conditions, but in groups of 10-25 animals in macrolon cages (1800cm 2 ). Vasectomized males were housed isolated in macrolon cages (350cm 2 1 and mated with 2-3 females to induce pseudopregnancy.
Experimental design (histopathology study)
Seventy-one mice were divided into the following groups [Table 1 ): at CIBA, CH-Stein, to perform the embryo transfer for production of transgenic mice (R. Weilenmann, personal communication).
After injection of the anaesthetic, pedal reflexes of the animals were monitored. During the recovery phase the animals were kept under a heating lamp.
Pathology, histopathology
The animals were sacrificed 24 h after i.p. administration by inhalation of carbon dioxide. Necropsy was performed with special emphasis on the examination of the abdominal cavity and organs for any gross lesions. The entire abdominal wall, the gut, the spleen and the liver were fixed in 10% buffered formalin. The following sections were taken for histological processing: two sections through the abdominal wall (one through the injection site and one some distance removed), one longitudinal section each of the stomach and the spleen, five cross sections of small and large intestines (duodenum, jejunum, ileum, caecum, colon) and three sections of the liver (left lobe, left and right median lobe). The specimens were embedded in paraffin wax and 4-5 11m thick sections were stained with haematoxylin and eosin. Blinded examination by light microscopy was performed by grading the severity of the lesions subjectively using the following codes: 1: minimal; 2: slightj 3: moderate. Lesions which could be attributed to the physical trauma induced by the injection were listed separately.
Evaluation of embryo transfer success rate
For the comparison of the embryo transfer success rate eggs microinjected with various transgenes according to Hogan et a1. (1986) were used. Two groups of pseudopregnant foster mothers were studied. The first group was anaesthetized with a solution of tribromoethanol prepared as follows: 1g tribromoethanol (2,2,2 tribromoethanol, Nr. 90710, Fluka AG, CH-Buchs) was dissolved in 40 ml Hank's balanced salts (GIBCO BRL, Biological Research Laboratories, CH-FLillinsdorf) and was stored at 4°C. Twenty-seven foster mothers INMRI mice) received a single i.p. injection of the above solution (according to their body weight 0.5-0.6 ml per animal, i.e. approximately 0.35 mg/kg tribromoethanol). To compensate for the considerable drop in body temperature observed with tribromoethanol, the foster mothers were placed under a warming lamp during recovery.
The second group was injected a ketamine/ xylazine combination. Ketamine (Sigma, Nr. K2753, c/o Flub, CH-Buchs) and xylazine (Sigma, Nr. X1251, c/o Flub, CH-Buchs) were diluted in 0.9% NaCI, resulting in a solution containing 9 mg/ml ketamine and 1.2mg/ml xylazine. Twenty-nine foster mothers (OF-l mice) were administered intraperitoneally 0.01 ml/g body weight (plus 0.03 ml for mice of less than 30 g or plus 0.06 ml for mice of more than 30 g of body weight). All the animals were given one drop of physiological saline in each eye to keep the cornea moist. For recovery the foster mothers were placed under a warming lamp. However, it was necessary to place the lamp at a greater distance than in the tribromoethanol series to prevent hyperthermia of the mice.
Laparotomy was carried out during anaesthesia and 9-22 fertilized eggs were placed in the ampulla of each oviduct. The number of pregnancies and offspring were recorded.
Results
Efficacy of anaesthetic agents
All animals of groups 3-6 which received an anaesthetic attained an adequate level of surgical anaesthesia (negative pedal reflex) within 5 min at most. In all groups first positive pedal reflexes were present 25-35 min after induction of anaesthesia. Although some individuals showed a first positive pedal reflex after 55 min only, there were no obvious differences between the anaesthetics or strains of mice. A marked exophthalmus was evident in the ketamine/ xylazine group. All animals survived.
Pathology, histopathology
No gross lesions could be detected by macroscopic examination of the organs. The blinded histopathological examination iden- tified lesions in 28 out of the 71 examined animals. The decoding revealed that the observed changes were confined to the groups of mice injected with tribromoethanol (Table  3 ). The alterations consisted of focal to diffuse necrosis of subperitoneal muscle fibres associated with inflammatory infiltrates and peritonitis (Fig 1) . The muscle fibres showed eosinophilic fragmentation and myophagocytosis was evident (Figs 2 and 3 ). In addition, very small to small foci of serositis were observed in the spleen (Fig 4) , the liver (Fig 5) , the intestines and the stomach. The serositis was found predominantly in the spleen (75%), the intestines (65%), and the liver (55%), while in the stomach minimal inflammatory infiltration of the serosa was noted only in a few animals «10%). Occasionally, mainly in the spleen and the liver, the serosal inflammatory changes were accompanied by fibrinous exudation. In approximately one-third of the animals injected with tribromoethanol, there was, at a minimal degree, necrosis of subserosal hepatocytes and/or necrosis of subserosal muscle fibres of the intestinal wall. Even though the pancreas was not processed routinely, small sections of pancreatic tissue were present from nearly all animals. Evaluation of these pancreas sections revealed minimal serosal inflammation in approximately one-third of the mice injected with tribromoethanol, which was associated in a small number of animals with necrosis of subserosal acini.
One animal (NMRI) undergoing anaesthesia with 2.5 % tribromoethanol showed focal necrosis of the mucosa and the inner muscle wall of the caecum (not listed in Table 31 . This was considered to be a consequence of the mechanical trauma of the needle and the irritant effect of the wrongly administered solution. In the group with the higher concentration of tribromoethanol we noticed an increased severity of necrotic and inflammatory changes of the peritoneum and the abdominal muscles as well as an increased incidence of serositis. This concentration dependency of the extent of inflammatory changes was evident in all three mice strains.
There was no obvious difference comparing the three different mice strains. However, the number of animals examined was limited and subtle strain specific differences might be possible.
Embryo transfer success rate
For the comparison of the embryo transfer success rates, the data of all routine transfers of microinjected eggs during limited time periods were compiled. For both series the same standard protocols were followed, except for the type of transgenes injected and the narcotic used. Tribromoethanol and ketamine/xylazine provided adequate surgical anaesthesia with good muscle relaxation. There were no mortalities. We noticed no relevant difference in the percentage of females with surviving offspring. The number of descendants was higher in the ketamine/xylazine group. The detailed results are presented in Table 4 . 
Discussion
Traditionally tribromoethanol is a common anaesthetic for embryo transfer generating transgenic mice (Hogan et al. 1986 ). Potential adverse effects of tribromoethanol such as fibrous adhesions and high mortalities after a second injection were reported earlier although the cause and the incidence remained unknown (Green 1979). Our present investigations show that intraperitoneal injection of tribromoethanol in mice induces necrotic and inflammatory changes of the inner abdominal wall and the surface of abdominal organs. These lesions are induced by tribromoethanol itself and are not related to the solvent used. The extent of the necrotic and inflammatory changes showed a dependency on the concentration of tribromoethanol. There was no strainspecific difference since the described effects occurred in all three strains.
Various authors have suggested that longterm storage and exposure of the tribromoethanol solution to room temperature and light, as well as crystallization could induce adverse effects (Green 1979 , Norris & Turner 1983 , Papaioannou & Fox 1993 . We cannot support these hypotheses since we used only freshly prepared solutions of tribromoethanol.
Furthermore, in contrast to Papaioannou and Fox (1993) , who observed no adverse side effects with the use of tribromoethanol in mice, our results show this not to be the case even though we used the same experimental procedure and mouse strain as they did. This discrepancy between results can be explained firstly by the different time points of the investigations. We performed histopathological examination one day after injection, while their investigations were carried out from one week up to 10 months after the application of tribromoethanol. Therefore, we were able to observe the acute inflammatory response consisting of necrosis, fibrinous exudation and infiltration of polymorphonuclear leukocytes. Second, in addition to the visceral organs, which were also histologically examined by Papaioannou and Fox (1993) , we performed microscopic evaluation of the sectioned abdominal wall.
Necrosis and inflammatory changes following tissue injury usually appear rapidly (within hours', and, depending on the extent of the tissue damage, resolve in a short time frame [Eder & Gedigk 1990 , Cotran et al. 1994 . When resolution is incomplete, exudative changes in the serous abdominal cavity result in organization, i.e. in connective tissue replacement and fibrous adhesions (Eder & Gedigk 1990 , Cotran et al. 1994 .
Abdominal adhesions, peritonitis and intestinal disturbances were also reported by Green (1975) , without indication of the time points of investigation or the nature of the inflammatory changes. Fibrous adhesions, between stomach, liver and spleen were observed at post-mortem examination by Payne and Chamings (1964) several weeks following a 2.5 % tribromoethanol injection. However, the observed side effects do not seem to influence a high pregnancy rate. Nevertheless, enough alternatives exist to obtain an adequate anaesthesia without undesirable irritant side effects. We suggest the combination of ketaminejxylazine as appropriate anaesthesia. The i.p. application of these drugs is technically simple and does not provoke peritoneal irritation at the dilution used. Ketarnine routinely induces an exophthalmus due to increased intracerebral and intraocular pressure (Peuler et al. 1975 , Paddleford 1988 ) with resulting corneal dryness. This process can be prevented by the application of a drop of physiological saline in each eye.
Pentobarbiturate anaesthesia also seems adequate, when the dose is chosen sufficiently high and depth of anaesthesia frequently checked [Gardner et ai. 1995) . Inhalation anaesthesia with isoflurane, halothane, or methoxyflurane using a calibrated vaporizer and an anaesthesia mask presents a further suitable possibility (Flecknell 1987) .
We could not detect any disadvantages regarding the result of the embryo transfer by using the drug combination ketaminej xylazine instead of tribromoethanol. Although the number of descendants was higher in the ketamine(xylazine group, both tribromoethanol (85%) as well as ketaminej xylazine (82%) resulted in a comparable percentage of females with surviving offspring. Papaioannou and Fox (1993) , however, reported a success rate of 60% with tribromoethanol anaesthesia. The validity of our results might be limited, since various gene constructs were injected. However, there seems to be no relevant difference between the two anaesthetic methods regarding the successful outcome of the embryo transfer. Due to the comparable success rate we have changed the standard narcosis protocol to ketaminejxylazine.
Conclusion and recommendation
In conclusion, for reasons of animal welfare, we advise against the use of tribromoethanol as an anaesthetic since it possesses a concentration dependent irritant effect. Irritant processes in the abdominal cavity can be associated with pain and distress (Jansen van/t Land & Hendriksen 1995). Furthermore, fibrous adhesions may be the cause for strictures and subsequent ileus (Eder & Gedigk 1990 , Cotran et al. 1994 )resulting in unnecessary suffering and death of animals.
We suggest the combination of ketaminej xylazine as an appropriate anaesthesia for short-term surgery such as laparotomy for embryo transfer. Our investigations with this combination showed no negative influence on the outcome of the embryo transfer.
